circulation has been hampered by the problem of arterial perforation-mainly caused by the difficulty of controlling the direction of the laser beam in tortuous arteries within the beating heart.1' 12 Several modifications of the technique described in early experiments have been proposed to reduce the risk of perforation. These include use of pulsed lasers to achieve tissue ablation without thermal damage," ' 
The laser procedure reduced the severity of the left anterior descending artery stenosis in three of the six patients. In patient 2 the delivery of > 112 J at the same site caused coronary perforation. Therefore, in the subsequent four patients the delivery of laser energy in the attempt to traverse the stenosis was limited to < 90 J. In all cases, inspection of the metal cap after the procedure showed the presence of charred blood which could be scraped off with a scalpel blade. The results are presented in detail below and are summarised in table 2.
SUCCESSFUL LASER RECANALISATION
In patient 1 the first laser pulse (24 J) did not allow the fibre to be advanced through a 3 cm long 80% stenosis. The following three laser pulses (48 J, 48 J, and 32 J) resulted in the gradual progression of the fibre across the stenosis. A 100 J laser pulse was delivered during withdrawal. Repeat angiography showed a reduction in the severity of the stenosis.
In patient 3 the initial two laser pulses (36 J and 24 J, respectively) did not allow advancement of the fibre through an 8000, stenosis; this was achieved with the third 24 J laser pulse. In addition, 48 J was delivered during fibre withdrawal. In patient 6 a 70% Angiography at 24 hours demonstrated a patent internal mammary graft in all three patients; in two of these there was total proximal occlusion of the left anterior descending artery.
UNSUCCESSFUL LASER RECANALISATION
In patient 2 the delivery of three laser pulses for a total of 112 J failed to allow progression of the fibre through a 3 cm long 80% calcific stenosis (fig 4) . Repeat angiography at this stage did not show any complications. After the delivery ofan additional 80 J laser pulse, angiography demonstrated periarterial contrast extravasation, indicating coronary perforation. Inspection of the artery showed a localised extravasation of blood contained within the epicardial fat and surrounding a minute perforation. Cardiopulmonary bypass was promptly instituted, the perforation was repaired with a single suture, and grafts were implanted in the normal way.
In patient 4 the fibre failed to cross an 80% stenosis despite the delivery of three laser pulses (total 84 J). During the attempts to advance the fibre, fluoroscopy showed bending of the fibre tip with a loss of alignment of the metal cap within the vessel lumen. Repeat angiography showed that the stenosis was unchanged. In patient 5 the fibre crossed a 70%/ stenosis before the delivery of laser energy. The two laser pulses (total energy 96 J) delivered during fibre withdrawal did not affect the severity of the stenosis.
In patients 2 and 4 the metal cap adhered to the arterial wall after the delivery of laser energy; a 1 s laser pulse at a power of 6 W was necessary in these cases to detach the fibre from the arterial wall.
Discussion
In this study percutaneous coronary laser recanalisation of a severe stenosis of the left anterior descending artery was attempted in six patients with metal-capped optical fibres at the time of coronary bypass surgery. In three patients the delivery of laser energy permitted the metal cap to cross the stenosis, and in all three a reduction in the severity of stenosis was confirmed at angiography. Multiple factors determined success or failure. The procedure was successful in patient 1 but not in patient 2, although in both the angiographic severity of the stenoses was similar. On direct observation and palpation during surgery, however, the stenosis in patient 2 was found to be much more tortuous and calcified than was suggested by angiography. It is possible that the heat generated by the metal cap was insufficient to vaporise the calcified component of the atherosclerotic plaque. In patient 4, although the stenosis was less severe than in patients 1 and 2, malalignment of the fibre within the vessel lumen probably accounted for the lack of success. In patient 5 the metal cap was too small for the size of the artery and no apparent improvement in the severity of the stenosis was obtained despite the laser energy delivered during withdrawal of the fibre through the stenosis.
This study confirms the experimental observation that circumferential distribution of thermal energy from metal-capped fibres is associated with a low risk of perforation.'4252728 It also provides information on the safety levels of laser energy which allow coronary recanalisation without perforation-although the precise threshold for perforation is still uncertain because it is difficult to quantify the amount of pressure applied to the optical fibre. Coronary perforation only occurred in one patient when 192 J was delivered at the same site, but not in the five other patients in whom < 90 J was used when the delivery of laser energy was not accompanied by fibre progression. 
